Disease Mechanisms in ALS: Misfolded SOD1 Transferred Through Exosome-Dependent and Exosome-Independent Pathways.
Amyotrophic lateral sclerosis (ALS) is a fatal adult-onset neuromuscular degenerative disorder with a poorly defined etiology. ALS patients experience motor weakness, which starts focally and spreads throughout the nervous system, culminating in paralysis and death within a few years of diagnosis. While the vast majority of clinical ALS is sporadic with no known cause, mutations in human copper-zinc superoxide dismutase 1 (SOD1) cause about 20 % of inherited cases of ALS. ALS with SOD1 mutations is caused by a toxic gain of function associated with the propensity of mutant SOD1 to misfold, presenting a non-native structure. The mechanisms responsible for the progressive spreading of ALS pathology have been the focus of intense study. We have shown that misfolded SOD1 protein can seed misfolding and aggregation of endogenous wild-type SOD1 similar to amyloid-β and prion protein seeding. Our recent observations demonstrate a transfer of the misfolded SOD1 species from cell to cell, modeling the intercellular transmission of disease through the neuroaxis. We have shown that both mutant and misfolded wild-type SOD1 can traverse cell-to-cell, either as protein aggregates that are released from dying cells and taken up by neighboring cells via macropinocytosis, or in association with vesicles which are released into the extracellular environment. Furthermore, once misfolding of wild-type SOD1 has been initiated in a human cell culture, it can induce misfolding in naïve cell cultures over multiple passages of media transfer long after the initial misfolding template is degraded. Herein we review the data on mechanisms of intercellular transmission of misfolded SOD1.